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SUMMARY 

Typical Apollo wall sect ions were i r r ad ia t ed  with 0.75 and 1.25 Mev elec-  
The in tens i ty  and angular d i s t r ibu t ion  of t rons  from an electron accelerator .  

the  bremsstrahlung produced i n  and attenuated by the  w a l l  sections were measured 

The maximum dose r a t e s  a re  received through the  thinnest  wall  sect ions.  
The maximum dose r a t e  and bremsstrahlung in t ens i ty  from a l l  w a l l  sect ions a re  
always grea tes t  i n  t he  d i rec t ion  of t h e  electron beam and decreases sharply on 
each s ide of t h e  beam. Bremsstrahlung spectra show a maximum photon in t ens i ty  
a t  energies between 80 and 115 Kev and a greater  i n t ens i ty  of high-ener 
bremsstrahlung photons from 1.2'3 Mev electrons than from 0.75 Mev e l ec  

INTRODUCTION 

Development f l i g h t s  of t he  Apollo spacecraft a t  o r b i t a l  a l t i t u d e s  of less 
than 300 miles are being considered. During these f l i g h t s  personnel on board 
will be exposed t o  bremsstrahlung caused by radiat ion-bel t  e lectrons ( r e f s .  1 
t o  6 ) .  The w a l l s  of t h e  Apollo spacecraft  are composite s t ruc tures  and experi- 
mental measurements a r e  required t o  substant ia te  t heo re t i ca l  bremsstrahlung dose 
rates f o r  t h i s  type of material .  
i n i t i a t e d  upon request of t h e  Manned Spacecraft Center. Experimental data  on 
the  bremsstrahlung produced within and transmitted through the composite w a l l  
s t ruc ture  were needed i n  order t o  supply the contractors with experimental 
data  f o r  comparison with t h e i r  calculations.  
t he  experimental port ions of t h i s  program. 

The present experimental invest igat ion w a s  

The present paper covers only 

In  t h i s  inves t iga t ion  bremsstrahlung was produced by i r r ad ia t ing  Apollo 
Spectra and dose rates from w a l l  sect ions with 0.75 and 1.25 Mev electrons.  

bremsstrahlung were measured and are  presented. 



APPARATUS, WALL SECTIONS, AND TESTS 

Electron Accelerator 

A cascaded r e c t i f i e r  type of e lectron accelerator  was used i n  the  present 
investigation. This accelerator  i s  capable of producing electrons with an 
energy range from 30 Kev t o  1.25 Mev. 
e ra to r  can be found i n  reference 7. 

A full descr ipt ion of t h i s  type of accel-  

Wall Sections 

Description.- Four typ ica l  Apollo wall  sect ions were used i n  t h i s  study. 
Wall sections A, C, and D consisted of an outer  honeycomb reinforced ab la t ion  
material, a s t ruc tu ra l  sect ion of s t a in l e s s - s t ee l  honeycomb, an insu la t ion  
blanket, and an inner s t r u c t u r a l  sect ion of aluminum honeycomb; whereas, sec- 
t i o n  B consisted only of ab la t ion  material and s t a in l e s s - s t ee l  honeycomb. 
Photographs of t he  w a l l  mater ia ls  are shown as f igure  1. 
honeycomb reinforced ab la t ion  material i s  a l so  shown i n  figure l ( f )  . W a l l  
sect ion A i s  typ ica l  of  t h e  w a l l  i n  t h e  forward compartment of the  spacecraft .  
Wall section B i s  typ ica l  of t h e  wall  i n  t he  v i c i n i t y  of t h e  window. Wall sec- 
t i o n  C i s  t yp ica l  of t h e  w a l l  i n  the  bottom compartment. 
i lar  t o  w a l l  sect ion A but has a d i f fe ren t  ab la t ion  material. 

An end view of t he  

Wall sect ion D i s  s i m -  

Properties of the wal l  sect ions a r e  l i s t e d  i n  t a b l e  I. The composition of 
t he  ablat ion mater ia ls  f o r  w a l l  sect ions A, B, and C of t he  Apollo spacecraft ,  
as obtained from the  manufacturer, i s  presented i n  t a b l e  I (a) .  The composition 
of w a l l  sect ion D i s  a l so  given i n  t a b l e  I(.). The ef fec t ive  atomic numbers of 
sections A, B, C (8.35), and D (8.87) were calculated by t h e  method described i n  
reference 4. The densi ty  given f o r  t he  ab la t ion  material of sect ions A, B, and 
C w a s  0.56 g/cm3. The densi ty  given f o r  t h e  ab la t ion  material of sect ion D w a s  
0.92 g/cm3. 
t i o n s  A, B, C ,  and D a r e  given i n  t ab le  I (b )  and f igu re  2, respectively.  It i s  
t o  be noted t h a t  sect ion D ab la t ion  material i s  d i f f e ren t  from t h e  materials of 
sections A, B, and C.  
r i a l  alone i s  i n  excess of t h e  e lec t ron  energies used i n  t h i s  invest igat ion.  

The physical propert ies  and s t r u c t u r a l  arrangements of w a l l  sec- 

For a l l  w a l l  sect ions t h e  thickness of t he  ablat ion mate- 

Mounting.- The wall  sect ions were mounted separately on t h e  t a r g e t  chamber 
of the  accelerator as shown i n  f igure  3. 
ins ide  a sample mounting flange so t h a t  it would be ins ide  t h e  accelerator  vac- 
uum chamber. 
full beam of e lectrons from t h e  accelerator .  A vacuum seal w a s  made a t  t h e  
sample flange with the  s t a in l e s s - s t ee l  honeycomb faceplate.  The insu la t ion  
blanket and t h e  aluminum honeycomb were held i n  contact with t h e  other  sect ions 
by a sample clamp. 
tests t o  be made with a vacuum, in s ide  t h e  chamber, of less than 10-3 t o r r .  
Faraday cup used t o  measure t h e  e lec t ron  beam current  and t h e  beam aperture  i s  
a l s o  shown i n  fimre 5.  

The ablat ion material w a s  mounted 

This type of mounting allowed the  ab la t ion  mater ia l  t o  receive t h e  

This type of mounting t o  the  accelerator  chamber allowed a l l  
The 
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Flanges t o  or ien t  a sample a t  a beam incidence angle of go0, 600, and 4 5 O  
( i n  the  horizontal  plane) with respect t o  the beam were attached t o  the  accel-  
e r a to r  chamber i n  the  same posi t ion a s  the sample mounting flange ( f i g .  3).  The 
acce le ra tm t a rge t  chamber with wall  sect ion C mounted a t  a beam incidence angle 
of 450 i s  shown i n  f igure  4. 

Test Procedure 

When a w a l l  sect ion was mounted a t  a given beam incidence angle and a 
detector  located a t  a given detector  angle ( f ig .  5),  the  wal l  sect ion was ready 
t o  be i r r ad ia t ed .  However, p r i o r  t o  any test  a t  a pa r t i cu la r  test  energy (0.75 
or 1.25 Mev) the  acce lera tor  output was monitored f o r  any current due t o  f i e l d  
emission from the  dynodes of t he  accelerator .  I f  t h i s  current ,  usual ly  re fer red  
t o  a s  cold discharge, i s  grea te r  than a few tenths  of a percent of the  beam cur- 
rent  t o  be applied t o  the  t e s t  wall  sect ion,  the  acce lera tor  i s  adjusted t o  a 
higher energy. 
discharge current decreases t o  an  acceptable value. After  the foregoing proce- 
dure the  accelerator  i s  adjusted t o  the t e s t  energy. The beam current was then 
turned on and adjusted t o  i t s  proper value by measuring the  current impinging 
on the  Faraday cup ( f i g .  3 ) .  After  the current was adjusted,  t he  Faraday cup 
was ro ta ted  out of the  beam and the  beam could then impinge upon the  ab la t ion  
mater ia l .  Any d r i f t  of the  beam posi t ion was detected by monitoring current 
pickup on the  beam aperture  p l a t e  ( f i g .  3 ) .  

I f  t he  accelerator  i s  operated a t  t h i s  higher energy, t he  cold 

When the  electron beam current had been adjusted t o  the  correct  value, a t  
an electron energy of 0.75 o r  1.25 MeV, a 10-minute measurement of the  brems- 
strahlung spectra was taken o r  a dose-rate measurement was made a t  a given 
detector  angle. Then the  Faraday cup was rotated back i n t o  the beam and the  
beam current was checked. I f  the  beam current was not  within 2 percent of the  
i n i t i a l  value, the  data  were discarded and the measurement was repeated. 
beam current was within 2 percent of the  i n i t i a l  value, the  detector  w a s  moved 
t o  another angle and the  foregoing procedure was repeated. 

I f  the  

MEASURE"S AND ACCURACY 

Beam Energy 

The beam energy of the  accelerator  used i n  t h i s  invest igat ion was previously 
determined by f ind ing  the  end-point energy for  the  transmission of e lectrons 
through aluminum f o i l s .  The r e s u l t s  from t h i s  technique ind ica te  t h a t  t he  beam 
energy i s  within f 2  percent of the nominal value s ta ted .  

Beam Current 

Beam current  w a s  measured by ro t a t ing  the Faraday cup ( f i g .  3) i n t o  the  
e lec t ron  beam. The re su l t i ng  current picked up by the  Faraday cup was measured 
with an electrometer (accuracy of 1 percent) .  P r i o r  t o  the  experiment, a check 
of the  beam current  s t a b i l i t y  was made fo r  a period of 10 minutes a t  various 
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beam currents. Measurements of beam currents a t  25, 50, 100, and 250 nA revealed 
a d r i f t  of less than 2 percent. 

Pr ior  t o  the  experiment, a check of t he  s i z e  of the  electron beam w a s  made. 
This t e s t  was performed with polyvinyl chloride film, which darkens under irra- 
diat ion,  and revealed a t o t a l  beam cross  section of approximately 2.42 sq em a t  
0.75 Mev and 1.55 sq em a t  1.25 MeV. 

Bremsstrahlung Dose Rate 

The wall  section t o  be i r r ad ia t ed ,  a t  an electron energy of e i t h e r  0.75 o r  

The ionizat ion chamber was then f ixed a t  a detector  
The wall  sec- 

1.25 MeV, was mounted on the  accelerator  t a rge t  chamber a t  a beam incidence 
angle of go0, 600, o r  4 5 O .  
angle of e i the r  00, 150, 300, 45O, o r  600, as  shown i n  f igure  5.  
t i o n  was then i r r ad ia t ed  a t  a given beam incidence angle and the  dose rate w a s  
measured a t  the  various de tec tor  angles. 
physical extent of the  w a l l  sect ion w a s  too small t o  insure t h a t  a l l  t he  brems- 
strahlung passed through t h e  e n t i r e  w a l l  section. A s  a r e s u l t  of  t h e  lessened 
attenuation, the  dose r a t e  measured a t  60' w i l l  be s l i g h t l y  too la rge .  
detector  angle w a s  within eo of the  angles indicated i n  figure 5. 
section C was i r r ad ia t ed  a t  beam incidence angles of 60° and 45'. Beam cur- 
r en t s  of 25, 50, 100, and 250 nA were used t o  obtain dose-rate measurements. 
The dose rates obtained during the  tes ts  var ied l i n e a r l y  with beam current 
in tens i ty .  
malizing the dose r a t e s  from the  four beam currents  t o  a dose r a t e  a t  100 nA 
and then averaging the four  r e su l t i ng  dose ra tes .  

A t  the  detector  angle of 60° t h e  

The 
Only wal l  

Consequently, t he  dose rates given herein were obtained from nor- 

An a i r  ionizat ion chamber having a 500-cc sens i t ive  volume w a s  used t o  
measure the  bremsstrahlung dose rates. Calibration of t he  ionizat ion chamber 
w a s  checked before and a f t e r  each tes t  with a 16-milliroentgen (mR) source. 
Dr i f t  was noted t o  be less than fl mR per  hour. The dose r a t e  from the  ioniza-  
t i o n  chamber i s  l i n e a r  within k? percent f o r  gamma o r  X-rays of 10 Kev t o  
2.0 MeV.  It i s  estimated t h a t  t h e  normalized dose rates a r e  within f10 percent 
of t h e i r  t r u e  values. Measurements t o  determine any background with t h e  accel-  
e r a to r  on and no beam current indicated no measurable background. 

Bremsstrahlung Spectra 

The w a l l  section t o  be i r r ad ia t ed ,  a t  an e lec t ron  energy of e i t h e r  0.75 o r  
1.25 MeV, was mounted on the  acce lera tor  t a r g e t  chamber a t  a beam incidence 
angle of e i t h e r  90°, 600, o r  45'. A N a I ( T 2 )  s c i n t i l l a t i o n  detector  and a pream- 
p l i f i e r  were then fixed a t  a de tec tor  angle of  e i t h e r  Oo, 15O, 30°, 4 5 O ,  or 60°, 
as shown i n  f igure 5.  The w a l l  sec t ion  w a s  then i r r a d i a t e d  a t  a given beam 
incidence angle and the  bremsstrahlung spectra  measured a t  the various detector  
angles. The detector angles w e r e  located within f2O of the  angles shown i n  f i g -  
ure 5. Bremsstrahlung spectra  measurements were taken f o r  t h e  same beam i n c i -  
dence and detector angles a s  were used i n  obtaining t h e  dose r a t e s  given i n  
table 11. 
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A l l  bremsstrahlung spectra  were taken with a beam current of 25 a 0.5  nA. 
1 
4 The bremsstrahlung spectra  measurements were made by using a 1 - - in .  by 1-in.  

cy l indr ica l  NaI (T2)  s c i n t i l l a t i o n  c rys t a l  and preamplifier i n  conjunction with 
a s ingle  channel pulse-height analyzer ( ref ,  8) .  A l ead  cylinder 3 inches i n  
diameter and 4 inches long with a 1/2-inch-diameter opening was used t o  coll imate 
t h e  bremsstrahlung and t o  reduce the  bremsstrahlung t o  l eve l s  which would not 
cause hys te rs i s  i n  the  c rys t a l .  
ca l ibra ted  f o r  1Mev fu l l - sca l e  reading. 
0.5 microcurie Cs137 source were used as a reference i n  the  ca l ibra t ion .  
window width of 5 Kev w a s  used. 
analyzer and detector  system fo r  0.662 MeV gamma rays from Cs137 w a s  
approximately 11 percent. 
of 0.355 and 0.082 Mev was used t o  check the l i n e a r i t y  of t he  detector  and 
pulse-height analyzer. The ca l ibra t ion  of the system w a s  checked before and 
a f t e r  each bremsstrahlung spectrum w a s  taken. Reproducibility of t he  detector  
and pulse-height analyzer w a s  approximately k5 Kev. 
e r a to r  on and no beam current  i n d i c a t e d t h a t  t h e  background w a s  ins igni f icant .  

The detector and pulse-height analyzer were 
The 0.662 MeV gamma rays from a 

A 
The resolution of t he  e n t i r e  pulse-height 

A 0.5 microcurie Ba133 gama source with gamma rays 

Measurements with the  accel-  

The t o t a l  detect ion eff ic iency,  shown i n  f igure  6, w a s  calculated by a 

computer method (refs. 9, 10, and 11) f o r  the l1 - in .  by 1-in.  cy l indr ica l  

NaI(T2) s c i n t i l l a t i o n  c rys t a l .  
p re t ing  t h e  bremsstrahlung spectra.  

r 
These data  a re  presented as an a id  i n  in t e r -  

FESULTS AND DISCUSSION 

Bremsstrahlung Dose Rates 

The dose rates from the  bremsstrahlung produced i n  and attenuated by t h e  
Apollo w a l l  sect ions i n  t h i s  invest igat ion a re  l i s t e d  i n  t a b l e  11. 
rates are given a s  a function of beam incidence angle, detector angle, and elec-  
t ron  energy. 
e lec t ron  energy of 1.25 MeV, a comparison of t h e  bremsstrahlung production and 
at tenuat ion i n  the  d i f f e ren t  w a l l  sect ions can be made. An examination of t h e  
normalized dose rate under these conditions ind ica tes  t h a t ,  i n  general, t he  
grea te r  t h e  w a l l  shielding thickness (g/cm2) t h e  lower the  dose rate. 
has t h e  smallest w a l l  shielding thickness (1.411 g/cm2) and the  highest  dose 
rate. 
lowest dose rate. 
2.181 g/cm2, respect ively,  and dose rates between those of sections B and C . 
The observed dose rates fo r  sections A and D do not follow as closely as t h e i r  
w a l l  thicknesses.  However, t he  observed values f a l l  within the  accuracy of t h e  
inves t iga t ion .  
conditions as discussed previously, the  same general  t rend  can be seen from the  
dose rates given i n  t ab le  11. 
0.75 Mev e lec t rons  w a s  subs tan t ia l ly  l e s s  than the  dose rates received from 
1.25 Mev e lec t rons .  

The dose 

For a beam incidence angle of go0, a detector  angle of Oo, and an 

Section B 

Section C has the  l a rges t  w a l l  shielding thickness (4.535 g/cm2) and t h e  
Sections A and D have wall shielding thicknesses of 2.143 and 

For 0.75 Mev electrons incident on the  sections with the  same 

The bremsstrahlung dose rates received from 
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With  0.75 or  1.25 Mev electrons incident on the  sect ions,  it can e a s i l y  be 
seen t h a t ,  as the  detector angle increases,  t h e  measured dose r a t e  decreases. 
This  phenomenon i s  ve r i f i ed  by the  data l i s t e d  f o r  sect ion D as the  detector  
angle increases from 00 t o  600. 

During three measurements on sect ion C ,  with an electron e n e r a  of 1.25 MeV, 
t he  beam incidence angle w a s  set a t  90°, 60°, and 4 5 O .  
t ab l e  I1 t h a t  there  i s  a decrease i n  dose r a t e  with a decrease i n  beam incidence 
angle. 
t o r  angle or a decrease i n  beam incidence angle i s  t h a t  t he  emission of brems- 
strahlung i s  predominately i n  the  d i rec t ion  of the  incident e lectron beam. 

It can be seen i n  

The significance of t h i s  decrease i n  dose rate with an increase i n  detec- 

Bremsstrahlung Spectra Measurements 

The bremsstrahlung spectra  presented i n  f igures  7 t o  15 show the  in t ens i ty  
(counts/min) of bremsstrahlung as a function of energy f o r  various beam i n c i -  
dence and detector angles. The maximum bremsstrahlung in t ens i ty  (counts/min) 
fo r  a l l  sections under a l l  t es t  conditions occurs a t  photon energies between 80 
and 115 Kev. 
i can t ly  d i f fe ren t  energy f o r  the  0.75 Mev electrons than it does f o r  t he  1.25 Mev 
electrons.  For a l l  wall sect ions there  i s  a greater  i n t ens i ty  of high-energy 
bremsstrahlung photons from incident  1.23 Mev electrons than from incident  
0.73 Mev electrons.  The general shape of these bremsstrahlung spectra i s  typ ica l  
of the  shapes of bremsstrahlung spectra from previous invest igat ions (refs. 12 
t o  15) using other t a rge t  materials.  For a beam incidence angle of goo, a detec- 
t o r  angle of 00,  and an electron energy of 1.25 Mev, a comparison of t he  brems- 
strahlung spectra f o r  t he  d i f f e ren t  wall  sect ions can be made. In  general, t he  
r e s u l t s  indicate t h a t  sect ions A,  B, and C follow t h e  t rend  of lower in t ens i ty  
fo r  w a l l s  of greater  shielding thickness (g/cm2). 
when 0.75 Mev electrons are incident  upon sect ions A, B, and C .  There i s  a 
greater  in tens i ty  of high-energy bremsstrahlung photons f o r  sect ion D than f o r  
sect ion A which has almost t he  same wall  shielding thickness (g/cm2). This 
inconsistency could be explained by the  greater  density of t he  ablat ion mater ia l  
(assuming higher atomic number mater ia ls)  of w a l l  sect ion D ( t a b l e  I ( b ) )  . 
more dense ablat ion mater ia l  of sect ion D produced more bremsstrahlung than the  
less dense ablat ion mater ia l  of sect ion A .  

The maximum bremsstrahlung in t ens i ty  does not occur a t  any s ign i f -  

The same t rend holds t rue  

The 

With 0.75 or 1.25 Mev electrons incident  on the  sect ions it can e a s i l y  be 
seen t h a t ,  as the  detector  angle increases from 00 t o  600, t h e  bremsstrahlung 
in t ens i ty  decreases. (See f i g .  15.)  

During three measurements on sect ion C ( f i g s .  12 and l3), with an electron 
energy of 1.25 M e V ,  t he  beam incidence angle w a s  s e t  a t  go0, 600, and 45O.  It 
can be seen from the  figures t h a t  there  i s  a decrease i n  bremsstrahlung in t ens i ty  
with a decrease i n  beam incidence angle. The s ignif icance of t h i s  decrease i n  
bremsstrahlung in t ens i ty  with an increase i n  detector  angle o r  a decrease i n  
beam incidence angle i s  t h a t  t he  emission of bremsstrahlung i s  i n  the  d i rec t ion  
of the  incident e lectron beam. 



. CONCLUSIONS 

Measurements of the  bremsstrahlung produced by 0.75 and 1.25 Mev electrons 
impinging upon typ ica l  Apollo wall sections were made during t h i s  invest igat ion.  
Upon consideration of these measurements and t h e  d i f fe ren t  t yp ica l  Apollo w a l l  
sect ions,  t he  following conclusions are presented: 

1. The maximum dose r a t e s  a re  receivedthrough the  w a l l  sect ion having t h e  
least shielding thickness (g/cm*) . 

2. The maximum dose r a t e  and t h e  bremsstrahlung photon in t ens i ty  
(counts/min) f o r  a l l  w a l l  sections are always grea tes t  i n  the d i rec t ion  of 
t he  e lec t ron  beam and decrease sharply an each s ide of the  beam. 

3 .  The maximum bremsstrahlung photon in t ens i ty  (counts/min) occurs a t  
photon energies between 80 and 115 Kev f o r  0.75 and 1.25 Mev electrons.  

4. For a l l  wall  sections there  i s  a greater i n t ens i ty  of high-energy brems- 
strahlung photons from incident 1.25 Mev electrons than from incident  0.73 Mev 
electrons.  

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Stat ion,  Hampton, V a . ,  July 24, 1964. 

7 



REFERENCES 

1. Foelsche, Trutz: Current Estimates of Radiation Doses i n  Space. NASA 
TN D-1267, 1962, pp. 1-12. 

2. O'Brien, Brian J.: Radiation B e l t s .  Sci .  Am., vol.  208, no. 5 ,  May 1963, 
pp. 84-96. 

3. Al l en ,  R. I.; Dessler, A. J.; Perkins, J. F.; and Price,  H. C . :  Shielding 
Problems i n  Manned Space Vehicles. 
No. DA-01-009-506-ORD-832), Lockheed Nucl. Products (Marietta, G a .  ) , 
July 1960. 

NR-104 (Contract 

4. Evans, Robley D.: Pr inciples  f o r  t he  Calculation of Radiation Dose Rates 
i n  Space Vehicles. 
L i t t l e ,  Inc. ,  July 1961, pp. 45-83. 

Rep. No. 63270-05-01 (Contract NAS 5-664), Arthur D. 

5. Anon.: Quarterly Radiation Shielding Status  Report. SID 62-821-2, North 
Am. Aviation, Inc. ,  Oct. 1962, pp. 47-76. 

6. Jacobs, George J., ed. (With appendix A by J. R. Winckler) : Proceedings of 
Conference on Radiation Problems i n  Manned Space F l ight .  NASA TN D-588, 
1960. 

7. Cleland, M. R. ;  and Morganstern, K. H . :  A New High-Power Electron Accel- 
e ra tor .  IRE, Trans. Ind. Electron., vol.  IE-7,  no. 2, Ju ly  1960, 
pp. 36-40, 

8. B e l l ,  P. R . :  The S c i n t i l l a t i o n  Method. Beta- and Gamma-Ray Spectroscopy, 
K a i  Siegbahn, ed., Interscience Publ., Inc. ,  1955, pp. 133-164. 

9. Vegors, Stanley H. ,  Jr.; Marsden, Louis L . ;  and Heath, R. L . :  Calculated 
Efficiencies of Cyl indrical  Radiation Detectors. AEC Res. and Dev. Rep. 
IDO-16370, U.S. A t .  Energy Comm., Sept. 1, 1958. 

10. Heath, R.  L . :  S c i n t i l l a t i o n  Spectrometry Gamma-Ray Spectrum Catalogue. 
AEC Res. and Dev. Rep. IDO-16408, U.S. A t .  Energy Comm., Ju ly  1, 1957. 

11. Stanford, A. L . ,  Jr.; and Rivers, W. K . ,  Jr.: Eff ic ienc ies  of Sodium Iodide 
Crystals. Rev. Sci .  I n s t r . ,  vol .  29, no. 5, May 1958, pp. 406-410. 

12. Koch, H. W . ;  and Motz, J. W . :  Bremsstrahlung Cross-Section Formulas and 
Related Data. Rev. Mod. Phys., vo l .  31, no. 4, Oct. 1959, pp. 920-953. 

13. Buechner, W. W . ;  Van de Graaff, R .  J.; Bur r i l l ,  E. A . ;  and Sperduto, A . :  
Thick-Target X-Ray Production i n  t h e  Range From 1250 t o  2350 Kilovolts.  
Phys. Rev., vol.  74, no. 10, Nov. 15, 1948, pp. 1348-1352. 

8 



14. Miller, William; Motz, J. W.; and Cialella, Carmen: Thick Target Brems- 
strahlung Spectra fo r  1.00-, 1.25-, and 1.40- Mev Electrons. 
vol. 96, no. 5 ,  Dec. 1, 1954, pp. 1344-1350. 

Phys. Rev., 

15. Ehrlfch, Margarete: Scintillation Spectrometry of Low-Energy Bremsstrahlung. 
Res. Paper 2571, J. Res. N a t .  Bur. S t d . ,  vol. 54, no. 2, Feb. 1955, 
pp. 107-118. 

9 



Element 

Hydrogen 
Carbon 
Nitrogen 
Oxygen 
Silicon 

Percent by weight f o r  
sections A, B, and C 

TABLE: I.- PROPERTIES OF APOLLO WALL SECTIONS 

( a )  Composition of ablation materials 

Percent by weight f o r  
section D 

Wall Wall shielding Faceplate 
Wall component Weighty thickness, t, thickness, pt, thickness, 

cm d c m 2  cm g 

Atomic number 

Measured 
density, p,  

g/cm3 

1 
6 
7 
8 

I 14 

---- Ablator 51.5 0.945 0.565 
Stainless-steel honeycomb 42.6 1.310 .468 0.02 
Insulation blanket 27.9 3.810 .366 ---- 
Aluminum honeycomb 67.6 2.380 .744 .08 

Total . . . . . . . . .  189.6 8.445 2.143 

0 * 595 ----- 
.096 ----- 

4.2 
54.2 
2.5 

27.7 
11.4 

Ablator 45.4 0 - 945 0.497 ---- 
Stainless-steel honeycomb 83.1 1.410 .914 0.05 

Total . . . . . . . . .  128.5 2.355 1.411 

5.3 
60.1 

2.5 

0.524 
----- 

25.1 
7.0 

Ablator 222.2 3.81 2.440 ---- 
---- Stainless-steel honeycomb 110.2 5.15 

Insulation blanket 17.0 2.03 * 195 
Aluminum honeycomb 63.0 3.68 .690 .08 

Total . . . . . . . . .  412.4 14.67 4.535 

1.210 0.05 

(b) Physical properties 

0 - 637 

.096 
----- 
----- 

Ablator 
Stainless-steel honeycomb 
Insulation blanket 
Aluminum honeycomb 

Total . . . . . . . . .  

61.5 
42.6 
22.1 
47.6 

173.8 

1.24 

2.03 
1.31 

2.38 

6.96 

0.995 
.468 
* 195 
* 523 

2.181 

l o  



TABU 11.- DOSE RATES FOR APOLLO WALL SECTIONS 

Section 

A 
A 
A 
A 

B 
B 
B 
B 

C 
C 
C 
C 
C 
C 

D 
D 
D 
D 
D 
D 
D 

0 
15 
0 

15 

0 
15 
0 

15 

0 
15 
0 

15 
30 
45 

0 
15 
30 
45 
60 
0 

15 

Electron 
energy, 
Mev 

1.25 
1.25 

75 
75 

1.25 
1.25 

75 - 75 

1.25 
1.25 - 75 

75 
1.25 
1.25 

1.25 
1.25 
1.25 
1.25 
1.25 

-75 
75 

Normalized 
beam current, 

nA 

100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 

Normalized 
dose rate, 
mR/hr 

176.3 

32.6 

185.8 
138.8 
34.3 
27.0 

146.5 
105 3 
30.4 
21.6 
71.3 
45.1 

154.7 
109.6 
66.0 
40.0 
21.0 
30.6 
25.4 

1300 3 

27.4 
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(a) Wall section A. 

\ 

(b) Wall section B. L64-4748 

Figure 1.- Apollo wall sections used in the investigation. 
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(c)  wall sect ion C. 

(d)  Wall sect ion D. L-64-4749 

Figure 1.- Continued. 



14 

B 

(e) Parts of wall  sections A, B, and C. 

(f) End section of honeycomb ablation material. 

Figure 1. - Concluded. 
L-64-4750 



Stainless-steel 
faceplate thickness 

\ \  Stainless-steel 
faceplate tnicmess 

J f,luminum faceplate 
thickness 

Ablation-material 
thickness 

t i lX  Is;etc 
Ctainless-cteel 
honeycomb thickcex 

Figure 2.- Details of Apollo w a l l  sec t ion .  

Sample mounting flange 

,,/’ ,,,r stainless-steel honeycomb 

Figure 3 . -  Side view o f  Apollo wall-section mounting d e t a i l s  and Faraday cup. 



Accelerator target chamber /- 

Faraday cup motor 

Apollo wall section 

Beam current pickup 
connections 

L-63-5379 - 1 
Figure 4.- Accelerator target chamber with Apollo wall section C mounted at a beam 

Incidence angle of 450. 

.'>ccelerator ta rge t  chamber  

r Apollo wall section 

Collimator 

Scintillation detector 

Eeam incidence a:!gle-/ 

Figure 5.- Top view of position of scintillation detector or ionization chamber relative to 
Apollo wall section during measurements. 
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Figure 7.- Bremsstrahlung spectra from wall section A. Electron energy, 0.75 MeV; 
beam incidence angle, 9'. 
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Figure 8.- Bremsstrahlung spectra  from wall sect ion A .  
beam incidence angle,  9'. 

Electron energy, 1.25 MeV; 
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Figure 9.- Bremsstrahlung spec t ra  from w a l l  sec t ion  B. 
beam incidence angle, 90'. 

Electron energy, 0.75 MeV; 
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(a) Detector angle, 0'. 
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Figure 10.- Bremsstrahlung 

(b) Detector angle, 15'. 

spec t ra  from w a l l  sec t ion  B. Electron energy, 1.25 MeV; 
beam incidence angle, 90'. 
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Figure 11.- Bremsstrahlung spec t ra  from w a l l  sec t ion  C.  Electron energy, 0.75 MeV; 
beam incidence angle, 9'. 
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Figure 12.- Bremsstrahlung spec t ra  from w a l l  sec t ion  C. Electron energy, 1.25 MeV; 

beam incidence angle, 93'. 
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Figure 13.- Bremsstrahlung spec t ra  from w a l l  sec t ion  C.  Electron energy, 1.25 MeV. 
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Figure 14.- Bremsstrahlung 
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spectra  from wall sec t ion  D. Electron energy, 0.75 Mev; 
beam incidence angle, 90'. 
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Figure 15.- Concluded. 
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